Protoplasts of a strain of Pythiuii? (~~~2 1 4 2 ) could be obtained by incubating the mycelium with a combination of helicase and cellulase in the presence of an osmotic stabilizer. This process was inhibited when organic compounds were used as osmotic stabilizers but stimulated by pretreatment of the mycelium with a detergent. The most effective detergent was Triton X 100. Regeneration of protoplasts could be demonstrated in liquid or in solid media, but less than 30:/; of the protoplasts were able to grow into new mycelium. In contrast to protoplast formation, regeneration was inhibited by the inorganic salts used as osmotic stabilizer. The results suggest that the hyphal wall of Pythium is covered with a protective layer of lipid material.
I N T R O D U C T I O N
The regeneration of fungal protoplasts is of current interest because of the importance of cell-wall formation in morphogenesis. To study this process in Pythiurn P R L~I Q a convenient method is needed to make a large number of protoplasts.
It is possible to make protoplasts of Pj)thium P R L~I~~ with an enzyme system produced by a Streptomyces species, containing cellulase, exo-and endolaminaranase activity (Sietsma, Eveleigh & Haskins, 1969) . The disadvantages of this method are that it takes a long incubation time (24 h) to get a sizeable number of protoplasts and that the preparation and purification of the enzyme complex is very tedious and laborious. A method has been found which makes large quantities of protopIasts of Pythium within a period of 4 h by using a combination of commercially available helicase and cellulase. The regeneration of these has been studied.
M E T H O D S
Organism and growth conditions. Pythiuin PRL 2142 described by Haskins (1963) was grown in shake culture at 28 "C in a medium containing (g/l): KH,P04, 0.5; K2HP04, 0.5 ; K,S04, 0.5 ; MgC1,. 6H,O, 0.6 ; glucose, I o ; asparagine, I -2 ; and thiamine, 0-00 I .
Before sterilization the pH of the medium was adjusted to 6.2, andfcholesterol (0.1 g) added as a 10% (w/v) solution in ethanol. After the culture had grown for a certain time, specified under results, the mycelium was collected by filtration, washed twice with distilled water, and then with an incubation medium containing an osmotic stabilizer dissolved in 0.005 M-acetate buffer, pH 6.2. The following substances were used as osmotic stabilizers: KCI, 0.4 M; NaCl, 0.4 M; NH,Cl, 0.4 M; MgS04, 0.65 M; sorbitol, 0.65 M; mannitol, 0.65 M ; sucrose, 0.65 M. The mycelium was finally suspended in an incubation medium at a concentration of 30 mg organismfml, helicase ( I -2 mglml) and cellulase (2 mgfml) added, and incubated at 30 "C. In some experiments the mycelium was either pretreated or incubated with SH-compounds, chelating agents or detergents as described below.
* Present address: Department of Botany, University of Groningen, Haren, The Netherlands.
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Enzymes. Helicase (lyophilized snail-gut extract) was obtained from 1'Industrie Biologique Francaise, Gennevilliers, Seine, France ; it contained 850 units of laminarinaselmg and 1350 units of cellulase/mg. Cellulase (from Aspergillus niger) was purchased from Nutritional Biochemicals Corporation, Cleveland, Ohio, U.S.A. It contained 90 units of laminaranase/mg and 20 units of cellulase/mg and was free of lipase activity. Laminarinase, cellulase and lipase activity were estimated as described previously (Eveleigh, Sietsma & Haskins, 1968) .
Purijication of the protoplasts. After 4 h of incubation the protoplasts were separated from the rest of the mycelial debris by filtration through glass wool. The filtrate was then centrifuged (3000 g, 5 min) and the precipitated protoplasts washed twice with incubation medium. The protoplasts were finally suspended in the same medium, counted microscopically (with a counting chamber) and diluted with incubation medium to a fixed concentration of protoplasts.
Regeneration of the protoplusts. The regeneration medium consisted of a solution of an osmotic stabilizer plus one or more nutrients (g/l: glucose, I ; asparagine, 0-1 ; yeast extract, 0.1 ; peptone, 0.1); alternatively the complete growth medium plus osmotic stabilizer was used. Protoplasts ( Io6/ml) were suspended in the regeneration medium and incubated at 30 "C (with shaking) in a water bath. Samples were examined periodically by means of phase-contrast microscopy. In some experiments suspensions were incubated for 24 h, centrifuged (3000 g, 10 min) and the dry weight of the pellet was estimated.
To determine the percentage of protoplasts capable of regeneration, a known number of protoplasts were spread evenly over (or suspended in) a solidified medium in a Petri dish. This medium consisted of the growth medium plus an osmotic stabilizer (0.65 M-mannitol) and agar (0.7 yo or 2 yo, w/v) or gelatine ( I 5 76, w/v). The agar plates were incubated for 3 days at 28 "C and the gelatine plates for 6 days at 2 2 "C. Each regenerated protoplast gave a visible colony which was counted.
Regeneration of the hyphal wall was also followed by U.V. fluorescence microscopy. Samples of regenerating protoplasts were centrifuged (3000 g, 5 min) and the pellet suspended in a 0.1 0;o (w/v) solution of Calcofluor White MR (kindly supplied by Unilever Research Laboratory, Vlaardingen, The Netherlands) in 0.65 nkmannitol. After 20 min of incubation at room temperature the samples were examined under a Zeiss fluorescence microscope, illuminated with a high-pressure mercury lamp provided with one heat filter KG, one red filter BG, and one exciting filter UG5.
R E S U L T S

Formation of protoplasts
With a combination of helicase and cellulase it was possible to make Pythium protoplasts in large quantities in a 4 h period. Longer incubation times did not increase the total number of protoplasts since lysis was then quite considerable and could almost exceed the rate of formation of new protoplasts. The formation of spherical protoplasts could occur at several points on the hyphae, at intercalary locations as well as at apices of branches. The process of formation and the appearance of the protoplasts was as described previously (Sietsma, Eveleigh, Haskins & Spencer, I 967) .
Several osmotic stabilizers were tested for their effect on protoplast formation. Inorganic salts (MgSO,, NaC1, KCI, NH,Cl) were very favourable when added at a suitable concentration, the best results being obtained with NaCl. The least effective salt was NH,CI. Organic stabilizers (sorbitol, mannitol or sucrose) strongly inhibited protoplast formation (Table I) . * SH-compounds used were 2-mercaptoethanol, cysteamine or dithiothreitol in a concentration of 250 mM during pretreatment, or of 10 mM when added to the incubation medium.
Pro top lasts fronz Py th iunz
? Detergents used were deoxycholate, laurylsulphate or Triton XIOO in the same concentrations as the SH-compounds. Addition of detergents to the incubation medium caused lysis of the protoplasts.
Pre-incubation of the mycelium with 2-mercaptoethano1, cysteamine or dithiothreitol (at 250 nm), or addition of these substances at a concentration of 10 mM to the incubation medium, did not affect protoplast formation. Chelating agents, including EDTA (40 mM) and citrate (50 mM), also were without effect. Neither variation of pH (between 5 and 7) nor temperature (between 22 and 37 "C) influenced protoplast formation.
Pre-incubation of the mycelium with a detergent, such as Triton XIOO, sodium deoxycholate and sodium laurylsulphate (each at I o mM), strongly stimulated protoplast formation, but addition of a detergent to the incubation medium caused lysis of the protoplasts (Table I ). The best preparations of protoplasts were obtained by pretreating the mycelium with Triton X 100, but with very young mycelia (not older than 24 h) this treatment was not necessary for effective protoplast formation.
Regeneration of protoplasts
Protoplasts regenerate into new mycelium when suspended in a medium with suitable osmotic protection and adequate nutrients. After 3 h of incubation some protoplasts started to form one or more buds, which grew out to normal hyphae (Fig. I a, b) . Some protoplasts extended to a structure with several swellings before a normal hypha arose (Fig. IC) . However, a great number of protoplasts were still unchanged after 18 h of incubation. The regeneration process was also followed under the fluorescence microscope after incubating samples with Calcofluor (an optical brightener). This substance adheres specifically to glucans and makes them fluoresce strongly when illuminated with near U.V. light (Preece, 1971) . Freshly prepared protoplasts did not fluoresce at all, but after I h of incubation in the regeneration medium most of them showed a weak fluorescence, that rapidly became brighter on longer incubation. Newly formed buds and hyphae fluoresced very strongly. The tip of the hyphae generally fluoresced more strongly than the rest of the mycelium ( Fig.  1 4 e , f ) .
Factors eflecting pro toplast regenera tion
A protoplast was considered to regenerate when it could grow out to a visible colony on an agar plate when the protoplasts were either suspended in, or evenly spread over, the 
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3'5 9.0 * Protoplasts (Io6/ml) were suspended in regeneration medium with the additions mentioned and incubated at 30 "C in a shaking water bath. After 24 h the suspension was centrifuged (3000 g , 10 min) and the dry wt of the pellet was estimated.
surface of the agar. Gelatine could not be used as a solidifier since it was readily hydrolysed by Pythium. Successful regeneration required the use of a suitable osmotic stabilizer. Inorganic salts, including NaCl, MgS04, KCl and NH,Cl, completely inhibited regeneration, whereas organic compounds including sucrose, mannitol and sorbose did not inhibit this process.
The regeneration observed with these protoplasts that had been obtained from mycelium not older than 24 h was less than 14%, but protoplasts from older cultures (obtained by treating the mycelium with Triton X 100) regenerated more readily (up to 30 %).
In studies with liquid medium, glucose was essential for good regeneration. Nitrogen sources, including asparagine, yeast extract and peptone, were not necessary but stimulated the process of regeneration considerably ( Table 2 ) .
D I S C U S S I O N
In a previous study it was shown that Pythium protoplasts could be obtained by incubating the mycelium with a combination of cellulase, exo-and endo-P(1-3) glucanase. Lipase n-as not essential but stimulated this process. The enzymes were obtained by growing a Sereptomyces species on Pythium mycelium as carbon source (Sietsma et al. 1969) .
In the present study we have found that protoplasts from Pythium mycelium could be obtained easily by incubating the mycelium with a combination of helicase and cellulase. Although helicase itself contained a considerable cellulase activity, addition of the Aspergilhs niger cellulase stimulated protoplast formation further. This could have been because of differences in specificity of the cellulases, and chromatographic analysis of the products obtained by hydrolysing carboxy methyl cellulose (with helicase or A. niger cellulase) supports this conclusion.
The former enzyme complex appears to contain a cellulase with a more exo character and the latter one is a more endo type (5. H. Sietsma, unpublished data).
Although lipase activity was not detected in the AspergiZlus niger cellulase preparation, it is possible that this enzyme preparation contains an unknown substance which promotes protoplast formation.
Triton X IOO considerably stimulated the formation of protoplasts and, as shown previously (Sietsma et al. r969) , so does lipase. This suggests that the hyphal wall could be A A N D al. 1973) . These protective layers of proteinaceous or lipoid nature apparently change qualitatively or quantitatively or both as the organism grows older, since the ease with which protoplasts can be formed decreases progressively with mycelial age.
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We have not been able to show unequivocally that the protoplasts formed in the way described in this paper entirely lack remnants of the hyphal wall. Several workers have shown that yeast protoplasts prepared with helicase still contain wall residues (Streiblova, 1968; Bacon, Jones & Ottolenghi, 1969), although others claim to have made clean protoplasts by using this process (Fukui, Sagara, Yoshida & Matsuoka, 1969; Strunk, 1969) . That the Pythium protoplasts lack most of the wall components is indicated by the absence of fluorescence after incubation with Calcofluor. Only after I h of regeneration could some fluorescence be seen (see also Peberdy & Gibson, 1971) . Necas (1971) reported regeneration of protoplasts of several yeast species only when they were embedded in a solid or semisolid medium. With Pythium no difference in regeneration efficiency was found when the protoplasts were either embedded in the agar or distributed over the surface.
The percentage of protoplasts able to regenerate is very low. The reason for this observation is not known yet, but a possibility is that only a small percentage of protoplasts contains one or more nuclei (Garcia-Acha, Lopez-Belmonte & Villanueva, I 966).
The use of the fluorescence microscope of the laboratory of Bacteriology of the University of Amsterdam is very much appreciated.
